Lesson 4 Overview

DRIVING QUESTION: What is climate change and why does it matter?

LEARNING GOALS:

Analyze data to identify patterns of average temperature over the past 100 and 400 years.

» Create a scientific explanation about the difference between weather and climate for global
temperature by answering the scientific question, “Is global temperature changing because of
weather?”

» Use representations to investigate the impact of a degree change in temperature on Earth’s pro-
cesses.

TOTAL TIME: 220 minutes (approximately 4 class periods)

LESSON SUMMARY:

Students will understand the difference between weather and climate. They will analyze weather
and climate temperature data to learn about global trends in temperature. Through a hands-on
activity, students will see how small changes in global temperature can potentially have large

impacts on the environment.

MATERIALS:

o Stearic Acid Lab materials

»  Water bath, thermometers, and beakers (3)
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BEFORE YOU BEGIN LESSON 4:

Part 1

This lesson is split into three parts that exlore different aspects of weather and
climate and of climate change. Part 1 deals with the difference between weather
and climate, particularly from a data perspective. Students should learn that a
single data point does not reveal a pattern. Rather, many data points taken together

reveal patterns and trends.

Part 2

In Part 2, students use real climate data to look at temperature trends over time.

Using these data, students make general statements about climate and make a

prediction about future temperatures.

Part 3

In Part 3, students use a hands-on activity, the Stearic Acid Lab, to explore the
impact of a few degrees change in temperature on a material. Please make sure to

test the class demonstration and laboratory before your class to make sure you have

all the necessary materials and are familiar with the laboratory processes.
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Part 1: What can data tell us?
The purpose of this activity is to help students understand the difference between weather and

climate through a sports analogy. This analogy will help students understand that one day of weather

is not enough to characterize climate. Have students work in pairs or groups to answer the questions

below. Next, discuss the answers as a class to talk about data, averages, and trends.
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Part 1: What is the difference between weather and climate?

Students answer a set of questions about weather and climate before they read a NASA article.
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Part 1: What is the difference between weather and climate?

Now that students understand the importance of collecting plenty of data before drawing
conclusions, segue into the difference between weather and climate using an article by the Michigan
Sea Grant: Weather and Climate: What is the Difference? (Page 7 of student notebook).

Reading: What is the Difference Between Weather and Climate?

5
Read the following excerpts from a NASA article. When you are finished, go back online to

answer some questions about weather and climate.

What weather means

Weather is basically the way the atmosphere is behaving, mainly with respect to its effects upon
life and human activities. The difference between weather and climate is that weather consists
of the short-term (minutes to months) changes in the atmosphere. Most people think of weather
in terms of temperature, humidity, precipitation, cloudiness, brightness, visibility, wind, and
atmospheric pressure, as in high and low pressure.

In most places, weather can change from minute-to-minute, hour-to-hour, day-to-day, and
season-to-season. Climate, however, is the average of weather over time and space. An easy
way to remember the difference is that climate is what you expect, like a very hot summer, and

weather is what you get, like a hot day with pop-up thunderstorms.

Things that make up our weather
There are really a lot of components to weather. Weather includes sunshine, rain, cloud cover,

winds, hail, snow, sleet, freezing rain, flooding, blizzards, ice storms, thunderstorms, steady rains

from a cold front or warm front, excessive heat, heat waves and more.
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What climate means

In short, climate is the description of the long-term pattern of weather in a particular area. Some
scientists define climate as the average weather for a particular region and time period, usually
taken over 30-years. It’s really an average pattern of weather for a particular region. When
scientists talk about climate, they’re looking at averages of precipitation, temperature, humidity,
sunshine, wind velocity, phenomena such as fog, frost, and hail storms, and other measures of the
weather that occur over a long period in a particular place. For example, after looking at rain
gauge data, lake and reservoir levels, and satellite data, scientists can tell if during a summer,

an area was drier than average. If it continues to be drier than normal over the course of many

summers, than it would likely indicate a change in the climate.

What’s the difference between weather and climate?

The difference between weather and climate is a measure of time. Weather is what conditions of
the atmosphere are over a short period of time, and climate is how the atmosphere “behaves” over
relatively long periods of time.

Article source: (http://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html)
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Part 1: What is the difference between weather and climate?

Students answer a set of reading comprehension questions after going through the NASA article.
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Part 1: What is the difference between weather and climate?
Students begin to explore real climate and weather data to understand the differences and to
understand how weather influences climate. In these activities, students calculate averages to

understand how individual values (weather) can influence averages over longer periods (climate).
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Part 1: What is the difference between weather and climate?
Students finish exploring weather data for their city, comparing a 6 month average with an average

annual temperature.
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Part 2: Is average temperature changing over time?

Students look at climate over longer periods of time to explore patterns over time in recent history.
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Part 2: Is average temperature changing over time?
Students look at the same climate data, but with a trend line calculated and superimposed over the
data.
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Part 2: Is average temperature changing over time?

Students compare trends in one place, with trends in other places throughout the world.
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Part 2: Is average temperature changing over time?

Students answer the scientific question: Is one cold winter evidence of changing climate?

LESSON 4: What is climate change and why does it matter? 13



Part 3: Does a small change in temperature matter?

This lab uses the freezing/melting point of stearic acid to show that even a small increase in
temperature can have an impact. Because this comparison does not address phase change, it is
important to emphasize that the impact of a degree change depends on what is being affected.
Students are likely to think that all polar icecaps will melt. This will happen to a small extent, but
challenge students to think beyond phase changes, such as the potential dangers to terrestrial and
marine wildlife.

Teacher Lab Directions:

. Fill three beakers with 500 ml of tap water. Add a thermometer to each beaker; wait

several minutes until the water temperature is the same in all 3 beakers.

Name: Jeremy Period: 2__ Date: Oct. 17,2012

Laboratory: Stearic Acid

Introduction:

Can a few degrees matter? We’ve seen that global temperature is increasing over the past
century, but only by a small amount. We want to investigate if a small amount of change in
temperature can make a difference by looking at a pure substance, stearic acid. Stearic acid
is a common saturated fatty acid that is used to produce soaps, detergents, and shampoos.
We will use it to illustrate temperature change and then apply the findings to potential
climate change.

Purpose:
To determine what happens to temperature when the pure substance, stearic acid, is
added.

Materials/Equipment
[l Thermometer

[l Test tube containing stearic acid
[] Testtube rack
[l Timing device (stopwatch, clock, etc.)

[0 Boiling water bath

Procedure:
1. Heat the test tube containing stearic acid in the boiling water bath until the acid is
completely melted, and reaches a temperature of about 90°C.
2. Remove the sample from the water bath. Stir the stearic acid constantly with the
thermometer while it is cooling and record its temperature once every minute in
the data chart below.
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Part 3: Does a small change in temperature matter?

Encourage students to make careful observations about what is happening to the stearic acid at each

temperature.
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Data Chart
Time (min) Temp (°C) Observation
0 95 Itis a clear liquid
1 93 It is still all clear and a liquid
2 89 Itis a clear liquid. It is easy to stir the thermometer
3 86 No change
4 82 No change
5 76 No change
6 74 No change
7 72 No change
8 70 White crystals begin to form and fall to the bottom
9 70 More white crystals form The white crystals are “raining” down
10 Half the substance looks like white, solid crystals. The rest is
70 .
still clear.
Some of the substance is stuck on the side of the test tube
11 70 and the thermometer is kind of “stuck." The substance is hard
to stir.
12 70 Everything in the test tube is a white solid
13 68 There is no change, the substance is a white crystalline solid
14 65 Some stearic acid that got on the top of the thermometer
feels waxy
15 61 No change
16 57 No change
17 55 No change

3. Closely observe the test tube. When you notice a change in temperature in the test
tube, write down your observation in the space below. A good observation includes
the temperature, the state of the stearic acid, and a description of what it looks like.
You will need to make four observations at different times. The first one is done for
you as an example.

4. Continue this process until the temperature of the stearic acid cools down to 55°C.
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Part 3: Does a small change in temperature matter?

Once students are done analyzing their observations, you can end with a class discussion. Potential

,Jquestions:
. Did you get the order correct?
. Can you tell the difference in temperature?
. How you think a degree change can have an impact on climate/environment?
Observations:

1. Atroom temperature, the stearic acid is a white solid that looks like it has some crystals in it.

2. When the crystals started to form the temperature is 70°C. It stayed that temperature until all the substance
was a white solid. Then, it started to cool again.

3. The stearic acid started as a clear liquid and when it cooled it was a while, crystalline solid.

4. When the stearic acid is a white solid, it feels waxy.
Analysis:
1. In this analysis you will be graphing temperature and time. On the graph paper, label
the axes as follows: x-axis (horizontal) = time, and y-axis (vertical) = temperature.
Think about the dependent variable — Does time depend on the temperature of the
stearic acid? Or does the temperature of the stearic acid depend on the time it has

been cooling?
The temperature of the stearic acid depends on the time that it has been cooling. Time is the independent variable and
temperature is the dependent variable.

2. Plot the data from your Data Chart on the graph.

3. Look at the graph. What impact does temperature change have on stearic acid?
Initially, as the temperature decreased the stearic acid remained as a liquid. When it cooled and began to form white
crystals it was 70°C. It stayed at this temperature because it is the melting point/freezing point of stearic acid. It remained
70°C until all the stearic acid was a white crystalline solid. Then, the temperature began to decrease again.

4. Do you think a small amount of temperature change could have an impact on habitat

or ecosystems? Why or why not?
Yes, a small amount of temperature change can have a large impact on a habitat or ecosystem because a few degrees
matter. A few degrees warmer can cause ice to melt, food sources to change, and animals to migrate to different

eographic locations.
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Part 3: Does a small change in temperature matter?
After the stearic acid lab, students revisit patterns in global temperature in the last century and

answer several questions.

Extension Activity: To further explore how the environment will be impacted by temperature
ncrease, show chapters “Degree One” and “Degree Two” of the video Six Degrees Could Change

‘he World. These two chapters will help students visualize many of the potential impacts of climate

warming. The other chapters in the video are addressed, in part, in the remainder of the curriculum.
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